Introduction
============

Schizophrenia is a chronic, devastating disorder that is observed in approximately 1% of the population worldwide. The symptomatology of schizophrenia is heterogeneous, and there have been efforts to determine the subclasses of schizophrenia.[@b1-ndt-11-865],[@b2-ndt-11-865] Although there have been subtypes of schizophrenia used according to *Diagnostic and Statistical Manual of Mental Disorders* (DSM) Fourth Edition Text Revised, in DSM-V, the subtypes of schizophrenia have been removed because of their limited diagnostic stability, low reliability, and poor validity.[@b3-ndt-11-865],[@b4-ndt-11-865] However, subclassing a heterogeneous disorder, such as schizophrenia, can be considered to be imperious.

In 1988, Carpenter et al[@b5-ndt-11-865] described deficit schizophrenia in a homogeneous subclass of patients with schizophrenia characterized by primary and continuous negative symptoms. They also considered and suggested that schizophrenia with deficit syndrome (DS) was a distinct illness in contrast to nondeficit schizophrenia (NDS).[@b5-ndt-11-865]--[@b8-ndt-11-865] Since the definition of DS as a distinct entity compared with NDS has been recognized, this concept has been more plausible and more powerful.

Brain-derived neurotrophic factor (BDNF) is first produced as a precursor protein, prepro-BDNF, in the endoplasmic reticulum. Following cleavage of the signal peptide, proBDNF is transported to the Golgi for sorting into either the constitutive or the regulated secretory vesicles. ProBDNF is converted to the mature BDNF by extracellular proteases, such as matrix metalloproteinase-9 and plasmin.[@b9-ndt-11-865]--[@b16-ndt-11-865] It has been well established that BDNF can freely cross the blood--brain barrier and that the measurements of blood BDNF levels can substantially reflect the situation of BDNF in the central nervous system.[@b17-ndt-11-865] Although there have been inconsistencies in the studies that investigated the serum BDNF levels in patients with schizophrenia; the majority of the studies revealed reduced serum BDNF levels in chronic and medicated patients with schizophrenia.[@b18-ndt-11-865]--[@b23-ndt-11-865] Additionally, research has reported marked decreases in the BDNF levels during first-episode schizophrenia and in drug-naïve patients with schizophrenia.[@b24-ndt-11-865]--[@b28-ndt-11-865] Unlike these findings, several studies have reported increased and similar serum BDNF levels in patients with schizophrenia compared with healthy subjects.[@b29-ndt-11-865]--[@b32-ndt-11-865] These confounding findings concerning the serum BDNF levels in patients with schizophrenia may be associated with the stage of illness, the duration of illness, sample sizes, and the heterogeneity of the illness. In a meta-analysis, the reduced serum BDNF levels were reported in medicated and drug-naïve patients with schizophrenia. Following a meta-regression, an association was reported between the serum BDNF levels and age; however, there was no relationship between the medication dosage and the serum BDNF levels in patients with schizophrenia.[@b33-ndt-11-865]

Limited numbers of studies have compared the serum BDNF levels between patients with DS schizophrenia, NDS, and healthy controls (HC). In the present study, we aimed to demonstrate whether there is a discrepancy between schizophrenic patients with DS and NDS and HC in terms of serum BDNF levels.

Methods
=======

Subjects
--------

This study was conducted in the Department of Psychiatry, Yenimahalle Education and Research Hospital, Ankara, Turkey between March 2014 and June 2014. The patients who were diagnosed with schizophrenia and who were followed by the outpatient clinic of Yenimahalle Education and Research Hospital participated in the study. The diagnosis of the patients was confirmed by a senior psychiatrist (ESA) using the Structured Clinical Interview for DSM-IV Axis I before their inclusion in the study.[@b34-ndt-11-865],[@b35-ndt-11-865] The inclusion criteria were as follows: diagnosis of schizophrenia; age between 18 and 60 years; being in the stable phase of schizophrenia; and willingness to participate in the study after a detailed explanation of the study. Schizophrenic patients can be considered to be in a stable phase of the disease if there has not been any deterioration in symptoms and if there has been no need to change the treatment during a determined time period. However, these time periods are not formally established. Several researchers have defined time periods according to their particular research methods. For example, according to Rocca et al schizophrenia can be considered to be in a stable phase if the patient has not had any increase in symptomatology during the last year and if their antipsychotic regimen was unchanged for the last 6 months.[@b36-ndt-11-865] In another study, Mendrek et al defined stable phase as "no relapse within the last two months and no change in their antipsychotic treatment within the last month."[@b37-ndt-11-865] In our research, we suggested the term of clinical stability according to Rocca et al. The exclusion criteria were as follows: having dementia or cognitive deterioration according to the Mini-Mental State Examination (score \<23); having a history of alcohol or substance dependence, major head trauma, any recent or previous chronic illness, comorbid psychiatric disorder, or extrapyramidal symptoms due to medication; unwillingness to participate in the study; and being in an exacerbation phase of schizophrenia. After adhering to the inclusion and exclusion criteria, 58 patients were included in the study. All of the patients who were included in the study had received atypical antipsychotic treatment. Eleven patients were treated with clozapine, 12 patients were treated with risperidone, seven patients were treated with paliperidone, 12 patients were treated with olanzapine, ten patients were treated with quetiapine, and six patients were treated with a combination of atypical antipsychotics. The antipsychotic doses were converted to international chlorpromazine doses to compare patient groups.[@b38-ndt-11-865] Additionally, 36 age/sex matched healthy individuals who were selected from the hospital staff were included in the study. Detailed psychiatric and medical family histories were received from the HC group, and none of them had a family history of schizophrenia. The Turgut Özal University Ethics Committee approved the present study. All of the patients reported that they understood the written informed consent and approved it. Furthermore, a clear explanation was given to the families of patients who were included in the study; they also accepted our study protocol and design of the present study, and they approved the informed consent. All of the HC agreed to be included in the present study, and all of them provided their informed consent. All of the patients and healthy individuals were assessed in terms of weight and height, and the body mass index (BMI) was calculated for each participant.

Psychopathological assessment in patients
=========================================

Instruments
-----------

### Structured Clinical Interview for DSM-IV Axis I (SCID-I)

SCID-I is a semistuctured tool for diagnosing the disorders that are classified in DSM-IV Axis I. This structured diagnostic tool is applied by a psychiatrist or anyone who is trained as a mental health professional. First et al developed this instrument, which has been reported to be reliable and validated in the Turkish language.[@b34-ndt-11-865],[@b35-ndt-11-865]

### Schedule for the Deficit Syndrome

The patients were subtyped with or without deficit by applying the Schedule for the Deficit Syndrome,[@b6-ndt-11-865] a semistructured interviewing tool that describes the DS with at least two of six enduring negative symptoms of schizophrenia, including restricted affect, diminished emotional range, speech poverty, diminished interests, diminished sense of aim, and diminished social drive of at least moderate severity. The present negative symptoms must last for a minimum of 12 months, even during periods of clinical stability. Confounding factors, such as anxiety, medication effect, positive symptoms, mental retardation, and depression, must be excluded. Family members and associated clinicians also confirmed the deficit state. This schedule has been reported to be validated and reliable in the Turkish language.[@b39-ndt-11-865]

### Scale for the Assessment of Negative Symptoms (SANS)

This scale was produced for scoring the clinical ratings of negative symptoms in patients with schizophrenia. Affective blunting, alogia (impoverished thinking), avolition/apathy, anhedonia/asociality, and disturbance of attention are the negative symptoms. The scorings are applied using a six-point scale (0= not at all, to 5= severe). SANS was produced by Andreasen.[@b40-ndt-11-865] The Turkish version was validated and was reported to be reliable in 1991.[@b41-ndt-11-865]

### Scale for the Assessment of Positive Symptoms (SAPS)

This scale was created to evaluate and score the positive symptoms that are frequently observed in patients with schizophrenia. These positive symptoms consist of hallucinations, delusions, bizarre behavior, and positive formal thought disorder. SAPS was produced by Andreasen.[@b42-ndt-11-865] The Turkish version was reported to be reliable by Erkoç et al.[@b43-ndt-11-865]

### Brief Psychiatric Rating Scale (BPRS)

This rating scale was created for measuring psychiatric symptoms, such as negative symptoms, positive symptoms, disorganized behavior and speech, anxiety, and depression. The scores range from 1 to 7, and there are two versions with 18 to 24 symptoms. BPRS was created by Overall and Gorham, and its Turkish translation is available and is widely used in clinical practice.[@b44-ndt-11-865]

### Mini Mental State Examination

This structured clinician-rated interview aims to evaluate the presence and the level of cognitive impairment. The evaluation consists of nine items: memory; orientation; attention; verbal fluency; nominal aphasia; receptive aphasia plus receptive apraxia; alexia; agraphia; and constructional apraxia. Folstein et al developed this scale, and its Turkish translation is available.[@b45-ndt-11-865]

Biochemical procedures
----------------------

The blood samples were collected at 8 am, after an overnight fast of at least 12 hours. The serum samples were extracted from the whole blood samples by centrifugation at 2,000 rpm for 15 minutes and were immediately frozen. The serum samples were extracted using a refrigerated centrifuge at room temperature. All of the serum samples were preserved at −80°C until the analysis could be performed. Using a double-antibody sandwich enzyme-linked immunosorbent assay (ELISA) technique, the BDNF serum levels were determined using a commercial kit (Sunred Biological Technology, Shanghai, People's Republic of China). The samples were processed as recommended by the kit and run in random for the ELISA. The standard curve ranged from 0.1 ng/mL to 10 ng/mL of BDNF. The standard curve showed a direct relationship between the optical density and the BDNF concentration. Two determinations of the BDNF levels were performed for each sample, and the result is reported as the mean of both determinations. The intra-assay coefficient of variation was found to be \<10%. The analytic sensitivity of BDNF ELISA was 0.08 ng/mL. Additionally, all of the participants were evaluated in terms of BMI, which can affect the serum BDNF levels.

Statistical methods
-------------------

The Statistical Package for the Social Sciences, PC version 17.0 (SPSS Inc., Chicago, IL, USA), was used for the data analysis. A confidence interval of 95% and a two-tailed *P*\<0.05 were accepted to be statistically significant for all of the analyses. The variables were tested for homogeneity of variance using the Levene test and for normality of distribution using the Kolmogorov--Smirnov test. The differences between age and BMI were tested using a series of one-way analyses of variance; if a difference was found between groups, Tukey's honest significant difference was applied to determine the difference between groups in detail. The categorical variables, such as sex and smoking status, were assessed using a *χ*^2^ test. The Student's *t*-test was used to evaluate the differences between both patient groups in terms of the scores on the SANS, SAPS, and BPRS, and the duration of illness. The numerical variants are expressed as the mean ± standard deviation values between the patient groups. The associations between parametric variables were assessed using Pearson's correlation coefficients in all participants and according to each group. Because the serum BDNF levels might be influenced by age and BMI,[@b46-ndt-11-865],[@b47-ndt-11-865] a general linear model was used to compare the serum BDNF levels between the groups (age and BMI covariates).

Results
=======

Twenty-three patients were subtyped as DS and 35 patients were classified as NDS according to the Schedule for Deficit Syndrome. In our study, a continuous response variable for HC and schizophrenia subjects required 0.62 controls per schizophrenia subject. In a previous study, the responses within each subject group were normally distributed; the means for HC and schizophrenic subjects were 49.3 ng/mL and 40.8 ng/mL, respectively, and the standard deviations for HC and schizophrenic subjects were 14.2 ng/mL and 8.2 ng/mL, respectively.[@b48-ndt-11-865] We assessed 58 schizophrenic subjects and 36 controls subjects to be able to reject the null hypothesis that the population means of the experimental and control groups are equal with a probability (power) of 0.9. The Type I error probability associated with this test of the null hypothesis was 0.5.

The mean ages were found to not significantly differ between the groups (*F*=1.46, *P*=0.23). The groups were similar in terms of sex, BMI, and smoking status (*χ*^2^=2.07, *P*=0.35; *F*=1.70, *P*=0.18; *χ*^2^=2.46, *P*=0.29, respectively). The mean BPRS score in the DS group (27.18±11.19) was similar to that in the NDS group (21.26±12.81) (*t*=−1.81, *P*=0.07). The mean SANS score in the DS group (51.08±19.29) was found to be significantly higher than the score in the NDS group (22.92±12.37) (*t*=−5.19, *P*\<0.001). The mean SAPS scores, the mean chlorpromazine equivalent dose, and the duration of illness were similar between the groups (*t*=−1.01, *P*=0.26; *t*=0.90, *P*=0.37; *t*=−1.81, *P*=0.08, respectively) ([Table 1](#t1-ndt-11-865){ref-type="table"}).

As described in the "Methods" section, the general linear model was used for comparing the serum BDNF levels between the groups. The dependent variable was the serum BDNF level, and age and BMI were included in the model as covariants. The serum BDNF levels in the NDS, DS, and HC groups were 1.31±0.87 ng/dL, 1.09±0.94 ng/dL, and 1.43±0.81 ng/dL, respectively, with a significant difference between the groups (*F*\[2,89\]=5.44; *P*=0.006). A pairwise comparison revealed that the serum BDNF level was significantly lower in the DS group compared with the HC group (*P*=0.004). However, we failed to find any significant differences between the NDS and DS groups and the HC and NDS groups (*P*=0.19 and *P*=0.50, respectively) ([Table 2](#t2-ndt-11-865){ref-type="table"}). The dot plot was produced for demonstrating the distribution of the serum BDNF level for each group ([Figure 1](#f1-ndt-11-865){ref-type="fig"}).

We first assessed the coefficients between the serum BDNF levels and age; BMI; BPRS, SANS, and SAPS scores; the duration of illness; and chlorpromazine equivalent dose in all of the groups. The serum BDNF levels were found to have a significant negative correlation with the SANS score (*r*=−0.238; *P*=0.03). There was no significant correlation between the serum BDNF levels and BMI, age, BPRS score, SAPS score, the duration of illness, and chlorpromazine equivalent dose (*r*=−0.011; *P*=0.91; *r*=−0.024; *P*=0.98; *r*=−0.134; *P*=0.31; *r*=−0.145; *P*=0.27; *r*=−0.143; *P*=0.38; *r*=−0.164; *P*=0.36, respectively) ([Table 3](#t3-ndt-11-865){ref-type="table"}). The Pearson's correlation analysis was conducted for each group separately to investigate the association between the serum BDNF levels and age; BMI; BPRS, SANS, and SAPS scores; the duration of illness; and chlorpromazine equivalent dose. There was no significant correlation between the parameters in the NDS, DS, and HC groups ([Table 4](#t4-ndt-11-865){ref-type="table"}).

Discussion
==========

A major finding of this study is the reduced serum BDNF levels in the DS group compared with the HC group. However, we failed to find any significant differences between the NDS and DS groups and between the NDS and HC groups in terms of the serum BDNF levels.

The serum BDNF levels are widely measured in numerous psychiatric disorders. The use of BDNF is best known and established in synaptic plasticity, and BDNF plays a potential role in the disease etiology and in the treatment of many psychiatric disorders.[@b49-ndt-11-865],[@b50-ndt-11-865] During development, BDNF plays an important role in maintaining proper axonal growth.[@b51-ndt-11-865] BDNF is also regarded to be essential for the development and the survival of dopaminergic, serotonergic, GABAergic, and cholinergic neurons.[@b52-ndt-11-865] The BDNF signaling action develops in a short time, eg, within seconds, and can support long-term potentiation, which enhances the synaptic strengths between neurons.[@b53-ndt-11-865]

As mentioned in the "Introduction", BDNF seems to play a role in the etiology of schizophrenia. Although the results of studies that investigated serum BDNF levels are inconsistent, a meta-analysis by Green et al revealed that decreased serum BDNF levels were associated with schizophrenia.[@b33-ndt-11-865] However, limited numbers of studies have compared serum BDNF levels between NDS and DS. Valiente-Gómez et al recently reported similar serum BDNF levels between NDS and DS. In this study, patients with schizophrenia were reported to have decreased serum BDNF levels compared with those observed in HC. After this comparison, they aimed to subclass the patients as deficit patients and nondeficit patients, and they revealed similar serum BDNF levels between the patient groups. To the best of our knowledge, this study was the first and the only study that compared serum BDNF levels between patients with DS and NDS.[@b48-ndt-11-865] An association between serum BDNF levels and both cognitive impairment and negative symptoms of schizophrenia has been reported.[@b54-ndt-11-865]--[@b56-ndt-11-865] Recently, Niitsu et al investigated the mature BDNF levels in patients with schizophrenia. They reported that the serum mature BDNF levels were similar between patients with schizophrenia and HC and that there was a positive correlation between serum mature BDNF levels and negative symptoms. They concluded that the mature BDNF might not be a good candidate as a biomarker in schizophrenia.[@b57-ndt-11-865] However, none of these studies classified the patients as DS and NDS. In our study, we found a significant negative correlation between serum BDNF levels and SANS scores while assessing the correlation coefficient in the entire group of participants. However, we failed to demonstrate this correlation when the correlation analysis was separately performed for each group. Thus, we suggest that there might be a negative correlation between serum BDNF levels and SANS scores; however, additional studies are needed to demonstrate and replicate this finding.

As previously mentioned, the inconsistent findings of studies that evaluated serum BDNF levels might be attributed to the heterogeneous nature of the disorder. There has been only one previous study that aimed to demonstrate the comparison of serum BDNF levels in patients with DS, NDS, and HC.[@b58-ndt-11-865] Actually, the findings of our study demonstrate two aspects. First, we argue that our study is consistent with the findings of the studies that reported similar serum BDNF levels between patients with schizophrenia and healthy subjects.[@b31-ndt-11-865],[@b32-ndt-11-865],[@b54-ndt-11-865] Second, regarding the decreased serum BDNF levels in DS patients, serum BDNF level might be a good candidate indicator for a specific subtype of schizophrenia, such as DS. Since the introduction of the term deficit schizophrenia in the literature, several research articles have investigated the clinical, biological, and sociodemographic aspects of deficit schizophrenia.[@b58-ndt-11-865] Thus, the present study supports the concept that DS schizophrenia is a different disease entity.

BDNF levels have been most frequently investigated in the context of major depressive disorder (MDD); many clinical studies have shown consistently that BDNF levels are decreased in patients with MDD.[@b59-ndt-11-865],[@b60-ndt-11-865] Although there are several similarities between deficit schizophrenia and MDD in terms of signs and symptoms, the criteria for the DS stipulate that the symptoms must be primary, not secondary, to factors such as anxiety, depression, drug effect, or mental retardation.[@b58-ndt-11-865] Therefore, decreases in the BDNF levels in the DS group cannot be interpreted as a result of affective symptomatology. Given that DS is not an affective disorder, BDNF levels may be associated with other common aspects of these two discrete entities. Additional research is warranted to investigate and determine these aspects.

The present study has several limitations. First, the numbers of participants might be considered to be a limitation. However, this limitation is due to the strict inclusion and exclusion criteria for participating in the study. BDNF is first produced as a precursor that is known as proBDNF. Although ELISA kits can measure the total levels of BDNF (mature BDNF and proBDNF), they are unable to distinguish between proBDNF and mature BDNF.[@b9-ndt-11-865],[@b13-ndt-11-865],[@b16-ndt-11-865],[@b61-ndt-11-865] Additional studies on the measurements of both mature BDNF and proBDNF will be of great value to evaluating schizophrenic patients with DS and NDS. In addition, serum BDNF levels might be influenced by the patient's menstrual cycle.[@b62-ndt-11-865] We could not assess the menstrual cycle of female participants in the present study, which was another limitation.

Conclusion
==========

To the best of our knowledge, the present study is the first to demonstrate decreased serum BDNF levels in patients with DS. We hypothesize that our finding is important in supporting the concept that considers DS as a different clinical entity of schizophrenia. This study highlights the worse prognosis of DS and provides a biological explanation. However, additional studies are warranted to investigate the role of BDNF in DS.
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###### 

Sociodemographic and clinical characteristics of participants

                                   NDS (N=35)      DS (N=23)       HC (N=36)     Statistics
  -------------------------------- --------------- --------------- ------------- -------------------------------
  Age (years)                      36.37±6.91      36.34±6.04      33.36±10.37   *F*=1.46, *P*=0.23
  Sex                                                                            
   Female                          20 (57.1%)      9 (39.1%)       20 (55.6%)    *χ*^2^=2.07, *P*=0.35
   Male                            15 (42.9%)      14 (60.9%)      16 (44.4%)    
  Smoking status                                                                 
   Yes                             18 (51.6%)      9 (39.1%)       12 (33.6%)    *χ*^2^=2.46, *P*=0.29
   No                              17 (48.6%)      14 (60.9%)      24 (66.6%)    
  BMI                              25.53±4.78      25.00±4.05      23.91±3.70    *F*=1.70, *P*=0.35
  SANS                             22.92±12.37     51.08±19.29     --            *t*=−5.19, ***P***\<**0.001**
  SAPS                             26.08±15.31     24.55±9.71      --            *t*=−1.01, *P*=0.26
  BPRS                             21.26±12.81     27.18±11.19     --            *t*=−1.81, *P*=0.07
  Duration of illness (years)      14.71±6.67      17.82±5.98      --            *t*=−1.81, *P*=0.08
  Chlorpromazine-equivalent dose   538.63±357.54   411.36±321.50   --            *t*=0.90, *P*=0.37

**Note:** Significant *P*-values shown in bold.

**Abbreviations:** BMI, body mass index; BPRS, Brief Psychiatric Rating Scale; DS, deficit schizophrenia; HC, healthy controls; NDS, nondeficit schizophrenia; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.

###### 

Comparison of serum BDNF levels between groups

                 NDS (N=35)   DS (N=23)   HC (N=36)   Statistic
  -------------- ------------ ----------- ----------- ---------------------------
  BDNF (ng/mL)   1.31±0.87    1.09±0.94   1.43±0.81   *F*(2,89)=5.44; *P*=0.006

**Note:** Age and body mass index were included to model as covariants.

**Abbreviations:** BDNF, brain-derived neurotrophic factor; DS, deficit schizophrenia; HC, healthy controls; NDS, nondeficit schizophrenia.

###### 

Correlation coefficients between scores of BDNF and age, BMI, SANS, SAPS, BPRS, duration of illness, and mean antipsychotic dose in participants

         Age      BMI      BPRS     SANS                                                SAPS     Duration of illness   Mean antipsychotic dose[\*\*](#tfn6-ndt-11-865){ref-type="table-fn"}
  ------ -------- -------- -------- --------------------------------------------------- -------- --------------------- ----------------------------------------------------------------------
  BDNF   −0.024   −0.011   −0.134   −0.238[\*](#tfn5-ndt-11-865){ref-type="table-fn"}   −0.145   −0.143                −0.164

**Notes:**

*P*=0.03.

Chlorpromazine-equivalent dose.

**Abbreviations:** BDNF, brain-derived neurotrophic factor; BMI, body mass index; BPRS, Brief Psychiatric Rating Scale; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.

###### 

Correlation coefficients between scores of BDNF and age, BMI, SANS, SAPS, BPRS, duration of illness, and mean antipsychotic dose in NDS, DS, and HC groups

               Age      BMI      BPRS     SANS     SAPS     Duration of illness   Mean antipsychotic dose[\*](#tfn8-ndt-11-865){ref-type="table-fn"}
  ----- ------ -------- -------- -------- -------- -------- --------------------- --------------------------------------------------------------------
  NDS   BDNF   −0.068   −0.004   −0.022   −0.018   0.050    −0.208                0.166
  DS    BDNF   0.088    −0.129   −0.180   −0.381   −0.219   0.150                 0.049
  HC    BDNF   0.052    −0.157   --       --       --       --                    --

**Note:**

Chlorpromazine-equivalent dose.

**Abbreviations:** BDNF, brain-derived neurotrophic factor; BMI, body mass index; BPRS, Brief Psychiatric Rating Scale; DS, deficit schizophrenia; HC, healthy controls; NDS, nondeficit schizophrenia; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.
